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Description 

The present invention relates generally to an air 
cooling system, and more particularly, to an air cool- 
ing system with the capability to provide supplemen- 
tal cooling through the use of a thermal storage de- 
vice. 

Mechanical air cooling or air conditioning sys- 
tems are well known and are in use in most commer- 
cial or office buildings. Such air conditioning systems 
typically have demands or loads that vary consider- 
ably with the outdoor conditions including the degree 
of sunlight, temperature and humidity and also with 
the building occupancy. The greatest demand on 
such systems usually occurs in the afternoon hours 
when the combined effects of these influences are 
most severe. Most commercial and office buildings 
are closed during the late evening and nighttime 
hours, and consequently, the demand on the air con- 
ditioning system varies from a peak in the afternoon 
period to the very low or zero demand during the eve- 
ning and nighttime hours. 

It is accordingly desirable to provide an air cooling 
or air conditioning system that can provide desired air 
conditioning to a commercial building during normal 
warm outdoor conditions and yet also have a suffi- 
cient reserve supply to provide adequate air condi- 
tioning to the building during peak conditions during 
unusually warm, sunny and humid outdoor condi- 
tions. One way to provide such an air conditioning 
system is to size the system such that the peak de- 
mand can be mechanically met by the various system 
components. However, this is undesirable from a in- 
stallation cost point of view due to the capital invest- 
ment required for system components such as com- 
pressors, condensers, interconnecting piping and 
electrical wiring and switchgear. Another considera- 
tion is the relatively high cost to operate such systems 
due to the demand charge that may be levied by the 
electrical authorities dependent on the maximum in- 
stantaneous electrical demand of the compressor 
when in fact the maximum electrical draw is only re- 
quired for a relatively few days during the cooling sea- 
son. The operating cost is an even greater consider- 
ation in regions where the authorities penalize units 
of electricity consumed in the afternoon with time-of- 
day pricing. 

Another more desirable method of meeting the 
peak system cooling demands without necessarily 
sizing all of the system components to meet the peak 
cooling demand is to utilize supplemental thermal 
storage. The term thermal storage when applied to 
cooling systems actually refers to the storage of cool- 
ing capacity, usually in the form of a frozen phase 
change material which is utilized to further chill a liq- 
uid used in the air cooling or air conditioning system. 
One recent disclosure of such a system for storing 
cooling capacity is set forth in U.S. Pat No. 



4,720,984. This patent recognizes the reduced cool- 
ing needs for a building during nighttime hours and 
discloses the use of the chilled water outlet of a cool- 
ing tower to freeze a phase change material during 

5 such nighttime hours. The phase change material is 
said to be included in a storage tank containing pack- 
ages of a salt composition phase change material 
having a freezing-melting point above the tempera- 
ture of the chilled liquid emerging from the cooling 

10 tower. When the packages of the salt compositions 
are frozen, the phase change material can be remelt- 
ed during the following peak building cooling demand 
by providing additional chilling to the water exiting the 
cooling tower by allowing such water to pass through 

15 the tank in close proximity to the packaged phase 
change material and exiting from the tank. The phase 
change material is accordingly remelted and assists 
the mechanical chiller in the cooling of the water in 
the building loop. Such system requires the use of an 

20 intermediate water loop, the major components of 
which are a cooling tower, a chiller, and a thermal 
storage tank, to transfer the cooling effect from the 
cooling equipment to the building. 

US Patent No. 4,637,219 sets forth a system, as 

25 discussed in the preamble of claim 1 , utilizing thermal 
storage which does not require the use of an inter- 
mediate water loop. This system achieves a reduction 
in peak energy consumption by using the stored 
"cool" thermal energy to condense the high pressure 

30 refrigerant during the periods of high outside temper- 
atures. As a result of this low temperature condens- 
ing, the required power for the air conditioning system 
is reduced and peak energy reduction is accomplish- 
ed. However, there is a risk when using this system 

35 of supplying liquid refrigerant to the compressor, thus 
damaging it. 

Another approach not requiring an intermediate 
water loop which has been used to reduce peak power 
consumption and which avoids the above-mentioned 

40 risk of damage to the compressor is described in Jap- 
anese Patent No. 63-116055. The system described 
is a liquid overfeed system. Such systems use a low 
pressure reservoir to, firstly, improve distribution to 
the individual evaporator tubes by ensuring that only 

45 liquid is provided to the evaporator inlet and second- 
ly, to protect the compressor by ensuring that only re- 
frigerant in the gas phase is fed thereto. Although liq- 
uid overfeed systems serve useful functions, such 
systems are costly and cannot be economically em- 

50 ployed in air conditioning systems in the small to mid- 
size range. 

Accordingly, it is an object of the present inven- 
tion to provide an air cooling system having supple- 
mental thermal storage capacity which does not re- 
55 quire the use of an intermediate water loop or a liquid 
overfeed system. 

It is another object of the present invention to pro- 
vide an efficient air cooling system having supple- 
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mental thermal storage capability that need only be 
utilized when required to provide additional cooling 
capacity. 

From one aspect the invention provides a cooling 
system comprising a compressor means having an in- 
let and an outlet for a working fluid, a condenser 
means having an inlet and an outlet for a working flu- 
id, an evaporator means having an inlet and an outlet 
for a working fluid, and a thermal storage means hav- 
ing an inlet and an outlet for a working fluid, the com- 
pressor means outlet being connected to the con- 
denser means inlet, and the system further compris- 
ing means for selecting one of three modes of oper- 
ation, the modes comprising: a first mode wherein the 
condenser means outlet is connected to the evapor- 
ator means inlet bypassing the thermal storage 
means; a second mode wherein the condenser 
means outlet is connected to the thermal storage 
means, the thermal storage means being connected 
to the compressor means inlet bypassing the evapor- 
ator means, and a third mode wherein the condenser 
means outlet is connected to the thermal storage 
means inlet, the thermal storage means outlet being 
connected to the evaporator means inlet; and charac- 
terised in that in the second mode, the condenser 
means outlet is connected to the thermal storage 
means outlet and the thermal storage means inlet is 
connected to the compressor means inlet, such that 
in the second mode the direction of flow of the work- 
ing fluid through the thermal storage means is oppo- 
site to the direction of flow in the third mode. 

Viewed from another aspect the invention pro- 
vides a method for providing supplemental cooling for 
an air conditioning system comprising the steps of: 
storing cooling capacity, during periods of no cooling 
demand, by flowing a working fluid output from a con- 
denser means through a thermal storage means be- 
fore inputting the working fluid to a compressor 
means bypassing an evaporator means; and further 
cooling the working fluid, during periods of high cool- 
ing demand, by flowing t he-working fluid output from 
the condenser means through the thermal storage 
means to sub-cool the working fluid, before inputting 
the working fluid to the compressor means via the 
evaporator means; and characterised in that: in the 
step of further cooling the working fluid, the working 
fluid flows through the thermal storage means in a di- 
rection opposite to the direction of flow through the 
thermal storage means during the step of storing 
cooling capacity. 

The present invention provides an air cooling or 
air conditioning system having the capacity to provide 
supplemental cooling when the air conditioning so re- 
quires it. Most typically, such an air cooling system 
would be applied in a commercial or office building 
having an air conditioning load that varies with the 
outdoor temperature, sunlight, and humidity condi- 
tions and building occupancy and which also has a 



daily unoccupied period usually at night, when air con- 
ditioning is not required. 

As with most typical air conditioning systems, the 

5 system of the present invention comprises a com- 
pressor which could be any 

The present invention provides an air cooling or 
air conditioning system having the capacity to provide 
supplemental cooling when the air conditioning so re- 

10 quires it. Most typically, such an air cooling system 
would be applied in a commercial or office building 
having an air conditioning load that varies with the 
outdoor temperature, sunlight, and humidity condi- 
tions and building occupancy and which also has a 

15 daily unoccupied period usually at night, when air con- 
ditioning is not required. 

As with most typical air conditioning systems, the 
system of the present invention comprises a com- 
pressor which could be any of the known forms such 

20 as reciprocating, rotary, or centrifugal. The system 
also comprises a condenser which could be water 
cooled, air cooled, or evaporathvely cooled as is most 
common in moderately sized building systems. An 
evaporator coil is also part of the system which, in 

25 use, is utilized to directly cool the air being supplied 
throughout the building. Necessary refrigerant ex- 
pansion devices may also be provided as such com- 
ponents are commonly used in cooling systems. The 
air cooling system also includes a thermal storage 

30 means which may comprise a thermally insulated 
tank substantially filled with a phase change material, 
typically water. The tank is usually sealed to prevent 
losses of the phase change material due to evapora- 
tion. Further, the tank preferably includes tubing, pre- 

35 ferably in the form of a coil wound within the tank and 
connected between and inlet and an outlet. Such tub- 
ing permits a fluid to flow throughout much of the tank 
without physically contacting the liquid contained in 
the tank other than in a thermal manner with the 

40 working fluid flowing through the tubing and the 
phase change material outside the tubing filling the 
volume of the tank. 

In use and during the period when normal build- 
ing cooling is required the air cooling system operates 

45 in Mode #1 , wherein conventional cooling is provided 
up to the maximum compressor capacity. In such op- 
eration, known well in the art, the compressor outlets 
compressed working fluid gas to the evaporative con- 
denser wherein the working fluid is condensed to a 

50 liquid. The working fluid exits the evaporative con- 
denser and enters the evaporator coil, by way of an 
expansion device, wherein the air passing across the 
coil is chilled and moved throughout the building. The 
heat transferred to the partially vaporized working 

55 fluid completely vaporizes the remaining liquid in the 
presence of the relatively low pressure created by the 
compressor, and the working fluid as a gas flows to 
the compressor inlet to complete the cycle. 

In the daily period when the building is not occu- 
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pied and air conditioning is not required, the system 
can be operated in Mode #2. In such operation, the 
evaporator coil is switched out of the working fluid cir- 
cuit and is replaced with the thermal storage unit. Ac- 5 
cordingly, the working fluid liquid exiting the evapor- 
ative condenser passes through an expansion device 
and then, as a partially vaporized fluid at a subfreez- 
ing temperature, passes through the thermal storage 
unit thereby freezing the phase change material in 10 
the thermal storage unit. The heat transferred from 
the freezing phase change material completely vapor- 
izes the working fluid in the presence of the relatively 
low pressure created by the compressor, and the 
working fluid gas flows to the compressor inlet to 15 
complete the cycle. When the desired amount of 
phase change material is frozen, the system can be 
shut down for the remainder of the unoccupied peri- 
od. 

On days when supplemental cooling is required. 20 
usually the hottest days of the year, the air cooling 
system will have been operated during the unoccu- 
pied building period in Mode #2 to thereby freeze the 
phase change material in the thermal storage unit. As 
the day begins, the air cooling system of the present 25 
invention can be operated in Mode #1 wherein con- 
ventional cooling is provided to the maximum com- 
pressor capacity. However, usually during the after- 
noon hours when the supplemental cooling is re- 
quired, the system can be switched to operate in 30 
Mode #3. In such mode of operation, the outlet of 
working fluid from the evaporative condenser is 
passed first through the thermal storage unit for ad- 
ditional chilling and then to the evaporator coil. Ac- 
cordingly, the phase change material, usually ice 35 
formed from freezing the water in the thermal storage 
unit tank, is gradually melted as the working fluid 
passing through the coil of the thermal storage unit 
is chilled. The additionally chilled working fluid pass- 
ing into the evaporator coil from the thermal storage aq 
unit, by way of an expansion device, is capable of ab- 
sorbing more heat from the chilled air before the fluid 
is fully vaporized and subsequently caused to flow to 
the compressor inlet Accordingly, the additional de- 
gree of cooling is provided to keep the building at a 45 
desired temperature during such peak demand days. 
Typically, the compressor can be sized to only 75% 
of the system's maximum rating, with the extra 25% 
of capacity being provided by the thermal storage 
unit chilling process. Such full capacity can be provid- 50 
ed for the entire time that ice remains in the thermal 
storage unit. 

The air cooling system of the present invention 
provides several benefits. One such benefit is the re- 
duced electricity demand due to overall smaller sys- 55 
tern sizing, overall smaller mechanical system com- 
ponent sizing, and the frequently encountered price 
penalties for electric demand during daytime hours 
and reduced pricing for electricity during the nighttime 



hours. Another advantage is that the thermal storage 
unit of the present invention is entirely integrated into 
the refrigeration circuit without the need for foreign 
fluids passing through such system. Accordingly, the 
system is not affected by corrosion due to improper 
chemistry control of a cooling water supply or foreign 
debris which may be contained in such supply. The 
entire air cooling system can be configured as a sin- 
gle unit, fully factory assembled. Accordingly, such 
unit is less costly to install than a system utilizing sev- 
eral separate components with necessary hookups 
and interconnections. Additionally, the present sys- 
tem does not require the use of a liquid overfeed sys- 
tem thereby reducing the system complexity and the 
first cost of the system components. Finally, the 
phase change material, usually water, used in the 
thermal storage unit can be partially melted and re- 
frozen without concern for reliability or performance. 

There will now be described, by way of example 
only, a preferred embodiment of the present invention 
with reference to the accompanying drawings in 
which: 

Figure 1 is a schematic of an air cooling system 
in accordance with the present invention; 
Figure 2 is a schematic of air cooling system in ac- 
cordance with the present invention operating in 
Mode #1 for conventional cooling; 
Figure 3 is a diagram showing the operating para- 
meters of the air cooling system of the present in- 
vention in Mode #1; 

Figure 4 is a schematic showing the air cooling 
system of the present invention operating in 
Mode #2 such that ice is formed in the thermal 
storage unit; 

Figure 5 is a diagram showing the operating para- 
meters of the air cooling system of the present in- 
vention in Mode #2 wherein ice is formed in the 
thermal storage unit; 

Figure 6 is a schematic drawing of the air cooling 
system of the present invention operating in 
Mode #3 wherein supplemental cooling is re- 
quired by the addition of the thermal storage unit 
to the cooling system, and 
Figure 7 is a diagram showing the operating para- 
meters of the air cooling system of the present in- 
vention operating in Mode #3 when additional 
cooling is required. 

Referring now to Figure 1 of the drawings, an air 
cooling system in accordance with the present inven- 
tion is shown generally at 10. The main components 
of such a system comprise a compressor 12 which 
may be a reciprocating, rotary, or centrifugal com- 
pressor. Compressor 12 has an outlet 14 which con- 
nects to tubing 16 providing for the outlet of a working 
fluid, usually a gaseous refrigerant, from compressor 
12 to the inlet 18 of evaporative condenser 20. Evap- 
orative condenser 20 can be a water cooled, air 
cooled or evaporatively cooled (as shown) condens- 
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er. Inlet 18 is connected to internal tubing 22 which 
forms a coil in evaporative condenser 20 exiting at 30. 
Cooling water 28 being recirculated from beneath the 
coil 22 exits through a sprayhead system 24 such that s 
cooling water falls over coil 22. An appropriate fan 
mechanism 26 is usually also provided. 

Outlet 30 from evaporative condenser 20 con- 
nects to tubing 32 which enters a valve 34. Valve 34 
has two outlets, 35 and 38. Outlet 36 extends to inlet 10 
42 of thermal storage unit 40 and valve 70. Outlet 38 
extends to valve 54 and section 60 which extends to 
valve 64. Valve 54 connects to outlet 44 of thermal 
storage unit 40, which is actually the outlet of coil tub- 
ing 46 extending from inlet 42 to outlet 44. Coil tubing 15 
46 typically comprises metallic or plastic tubing 
wound in a serpentine manner throughout the tank 52 
of thermal storage unit 40 such that the majority of 
the phase change material or water 50 can be frozen 
around the outside of tubing 46. 20 

Outlet 44 of thermal storage unit 40 also can en- 
ter an expansion device 56 which in turn has an outlet 
58 connected to tubing section 60 and section 62. 
Outlet 62 is connected to valve 64 which in turn is con- 
nected to expansion device 66 which has an outlet 84 25 
to inlet 84 of evaporator coil 80. Evaporator coil 80 in- 
cludes internal tubing 86 which extends from inlet 84 
to outlet 82. Outlet 82 of evaporator coil 80 extends via 
tubing to valve 70, which in turn has an outlet 74 ex- 
tending to inlet 76 of compressor 12. Evaporator coil 30 
80 also includes air movement means whereby air to 
be cooled is passed across coil 86 and thereby dis- 
tributed throughout the building to which air cooling 
system 1 0 is connected. 

Preferably, expansion devices 66 and 56 are 35 
thermostatic expansion valves which sense the pres- 
sure and temperature of the refrigerant gas leaving 
the evaporator 80 at 82 and leaving the thermal stor- 
age unit 40 at 42 and thereby control the flow of liquid 
refrigerant from line 32 into the evaporator 80 and into 40 
the thermal storage unit 40 to insure all the refrigerant 
is vaporized therein and to prevent damage to the 
compressor by liquid refrigerant. Sufficient refrigerant 
is intially charged into the system to ensure that liquid 
containing lines will be filled and into the evaporative 45 
condenser coil 22 in all modes of operation. Any vari- 
ation in quantity of liquid refrigerant required from one 
condition to another is made up by maintaining an ex- 
cess in the lower tubes of the evaporative condenser 
coil 22. 50 

As is known in the art, alternative expansion de- 
vices such as orifices and capillary tubes may be ap- 
plied to control refrigerant flow. Also external receiv- 
ers may be employed to ensure that liquid containing 
lines are full and to provide for refrigerant quantity va- 55 
riation from condition to condition when it is deemed 
undersirable to store excess in the evaporative con- 
denser coil 22. 

Referring now to Figures 2 and 3, Mode#1 of the 



air cooling system 10 will now be explained. Mode #1 
provides conventional cooling to about 75% of the rat- 
ed capacity of cooling system 10. In operation, outlet 
14 of compressor 12 provides compressed working 
fluid, usually gaseous refrigerant via line 16 to evap- 
orative condenser 20. The cooled working fluid 
leaves outlet 30 of evaporator condenser 20 and 
passes through via line 32 through valve 34 and into 
line 38. From line 38 the pressurized and cooled 
working fluid passes through valve 64 and into ex- 
pansion device 66. The expanded working fluid en- 
ters inlet 84 of evaporative coil 80 and passes through 
coil 86 thereby providing cooling to the air moving 
across coil 86. The warm and expanded working fluid 
leaves evaporative coil 80 at outlet 82 and enters lines 
72 and 74 and inlet 76 of compressor 12. As can be 
seen, thermal storage unit 40 is bypassed in the 
Mode #1 operating condition for conventional cooling. 

With reference now to Figure 2 and 3, an explan- 
ation of the operating parameters of Mode #1 will now 
be provided. 

Figure 3 is a P-h diagram, showing the thermo- 
dynamic properties of the working fluid (refrigerant), 
having P, or pressure, as its ordinate and h, or enthal- 
py, as its abscissa. The curved line envelopes the 
properties of the fluid under saturated conditions with 
superheated gas to the right of the saturation envel- 
ope and subcooled liquid to the left of the saturation 
envelope. 

Circled numbers in Figures 2 & 3 correspond to 
conditions Mode #1 described herein. At condition 1, 
the warm, high-pressure gas being discharged from 
the compressor, can be seen in Figure 3 to be super- 
heated. As the gas passes into the coil 22 and is 
evaporatively cooled and caused to condense to a liq- 
uid at essentially a constant pressure, it can be seen 
on Figure 3 to emerge from the coil 22 at condition 2. 
The amount of heat that was liberated during the con- 
densing process is proportional to the difference in h, 
or enthalpy, between conditions 1 and 2. 

As the working fluid passes through the expan- 
sion device 66, it passes from condition 2 to condition 
3. Since there is no heat content change in this proc- 
ess, h remains constant while the pressure decreas- 
es. The working fluid is now a saturated mixture of 
gas and liquid. 

As the fluid subsequently flows into the evapor- 
ator coil 86 at a low saturation pressure, the heat it ab- 
sorbs from the air passing over the coil causes the liq- 
uid component to boil and become entirely a gas. The 
difference in the h values between conditions 4 and 
3 is proportional to the amount of useful heat being 
transferred from the air to the working fluid. 

Upon reaching she compressor at condition 4, 
the working fluid gas is again compressed to condi- 
tion 1, wherein the difference in the h values between 
conditions 1 and 4 is proportional to the amount of 
work expended by the compressor to achieve the 
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compression. 

The above describes what is known in the art as 
a conventional refrigeration cycle. A condensing tem- 
perature of 51 .7°C (125° F) and an evaporating tern- 5 
perature of 1 .7°C (35° F) are shown as typical. 

Referring now to Figure 4, the operation of the air 
cooling system of the present invention in Mode #2, 
wherein no cooled air would be provided from the sys- 
tem to the building and ice would be formed in the 10 
thermal storage unit will now be provided. Compres- 
sor 12 provides at its outlet 14 compressed working 
fluid, usually a gaseous refrigerant, along line 1 6 to in- 
let 18 of evaporative condenser 20. Condensed and 
cooled working fluid exits evaporative condenser 20 is 
at outlet 30 and is supplied along 32 through valve 34 
to line 38 and line 60 to expansion device 56. The ex- 
panded cooled working fluid enters outlet 44 of ther- 
mal storage unit 40 and flows along coil 40 to inlet 42 
of thermal storage unit 40. In passing the expanded 20 
cooled working fluid through coil 36, the phase 
change material, usually water 50, is frozen around 
the outside of coil 46. The working fluid leaves inlet 
42 and passes through line 68 through valve 70 into 
line 74 and into inlet 76 of compressor 12. Upon the 25 
formation of the desired amount of ice around coils 46 
which normally would comprise the majority of the 
water 50, the air cooling system 10 is shut down for 
the remainder of the evening. Note that in Mode #2. 
the ice forming mode, evaporator coil 80 is not includ- 30 
ed in the routing of the working fluid through air cool- 
ing system to by appropriate positioning of the valves. 

Referring now to Figure 4 and 5, circled numbers 
in Figures 4 and 5 correspond to conditions in Mode 
#2 described herein. Warm compressed gas from the 35 
compressor at condition 1 ' flows into the coil 22 and 
is condensed and cooled a approximately a constant 
pressure. A condensing condition 43.3°C (110°F) is 
now shown indicating this operation to be during the 
night when useful building cooling is not required and 40 
when ambient conditions are more moderate. The 
condensed liquid emerges from coil 22 at condition 2', 
passes through expansion device 56 and enters the 
coil 46 at condition 3'. Under this mode of operation, 
the pressure and corresponding saturation tempera- 45 
ture in the coil must be lower than in Mode #1 in order 
to cause heat to flow to the boiling refrigerant liquid 
component from the freezing ice. 

Upon becoming all gas and after absorbing heat 
from the freezing water, the working fluid emerges 50 
from the coil at condition 4' and is compressed once 
again to condition 1*. 

Referring now to Figure 6, an explanation of op- 
erating Mode #3 of air cooling system 10, which in- 
volves the use of thermal storage unit 40 in the air 55 
cooling system during operation, will now be provid- 
ed. Compressor 12 provides compressed working flu- 
id at its outlet 14 which is supplied via lines 16 to inlet 
18 of evaporative condenser 20. Condensed and 



cooled working fluid exits condenser 20 at outlet 30 
and passes along line 32 to valve 34 and then along 
line 36 to inlet 42 of thermal storage unit 40. Working 
fluid passes along coil 46 through frozen water 50 
thereby melting frozen water 50 which has built up 
upon coil 46 thereby further chilling working fluid as 
it passes through coil 46. Such further chilled working 
fluid exits thermal storage unit 40 at outlet 44 and 
passes through valve 54 and 64 into expansion de- 
vice 66. The expanded and chilled working fluid en- 
ters evaporator coil 80 at inlet 84 and passes through 
coil 86 and exits evaporator coil at outlet 82. The 
warmed and expanded working fluid passes through 
valve 70 and line 74 back into inlet 76 of compressor 
12. Air passing across coil 86 of evaporator coil 80 is 
provided with enhanced cooling due to the lower en- 
try temperature of working fluid when it enters inlet 84 
as opposed to the operation in Mode #1. This en- 
hanced cooling provides approximately 25% addition- 
al capacity to air cooling system 10 thereby permit- 
ting air cooling system 10 to provide its rated cooling 
capacity. 

Referring now to Figures 6 and 7, a description of 
the operating parameters of Mode #3 will now be pro- 
vided. Circled numbers in Figures 6 and 7 correspond 
to conditions in Mode #3 described herein. 

As in Mode #1 operation, the compressed gas- 
eous working fluid leaves the compressor at condi- 
tion 1 ", passes into the evaporative condenser and is 
condensed to a liquid and is further cooled to condi- 
tion 2". But in contrast to Mode#1 operation, the high 
pressure liquid now passes through the coil of the 
thermal storage unit causing it to be cooled even fur- 
ther to condition 3" by the melting ice. 

The cold liquid passes through the expansion de- 
vice 66 and flows to the evaporator at condition 4". At 
condition 4" and in contrast to Mode #1 operation, the 
working fluid is nearly all liquid with a much smaller 
component of gas. This is evident by the h value 
which is lower than in Mode #1. With more liquid fluid 
to boil, the fluid absorbs much more heat from the air 
passing over the evaporator coil as it transforms from 
condition 4" to condition 5", approximately 25% 
more. 

At condition 5", the fully gasified fluid is once 
more compressed by the compressor to condition 1. 

The air cooling system of the present invention 
can accordingly operate in three different modes. In 
Mode #1 , the air cooling system operates as an ordi- 
nary air conditioning system having a compressor 1 2, 
evaporative condenser 20, and evaporator coil 80. 
Such a system can be designed to provide the air con- 
ditioning needs of a building during the majority of the 
days during which air conditioning is needed. Lower 
electricity costs during the operating season are pro- 
vided at essentially no increase in capital costs due to 
the smaller compressor and smaller evaporative con- 
denser offsetting the added cost of the thermal stor- 
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age unit. The evaporator coil is identical with that of 
the conventional system since it must be sized for the 
maximum building load in both cases. In Mode #2, 
when the building is not occupied and no air condition- s 
ing need be provided, air cooling system 10 can be 
operated with compressor 12, evaporative condenser 
20 and thermal storage unit 40 operating in series 
with evaporative coil 80 not included in the path of the 
operating system. Such operation provides extra chil- 10 
led working fluid to the thermal storage unit 40 there- 
by freezing water around the coils 46 of thermal stor- 
age unit 40. When sufficient ice is formed around 
coils 46, the air cooling system is shut down for the 
rest of the night. In Mode #3, which is utilized only dur- is 
ing those days and times when the full rated cooling 
capacity of air cooling system 1 0 is necessary, extra 
cooled air is provided by air cooling system 10. Such 
cooling is provided with the operation of compressor 
12, evaporative condenser 20, thermal storage unit 20 
40, and evaporative coil 80 operating in series. Work- 
ing fluid entering thermal storage unit 40 is further 
chilled due to the ice surrounding coils 46 in thermal 
storage unit 40 thereby providing extra chilled fluid to 
evaporative coil 80. Accordingly, air passing across 25 
evaporative coil 80 is supplementally chilled to the full 
rated capacity of air cooling system 10 thereby pro- 
viding the building the supplemental cooling needed 
to meet the cooling load of the hottest days of the 
year. Such additional cooling is provided without siz- 30 
ing of air conditioning system 10 with compressors 
and, evaporative condensers rated to meet such ex- 
treme demands, but rather, such components need 
only be sized to about 75% of such peak demands 
with the extra 25% of cooling provided by the thermal 35 
storage unit 40. 



Claims 



40 



A cooling system comprising 

a compressor means (12) having an inlet 
(76) and an outlet (14) for a working fluid, 

a condenser means (20) having an inlet 
(18) and an outlet (30) for a working fluid, 45 

an evaporator means (80) having an inlet 
(84) and an outlet (82) for a working fluid, 

and a thermal storage means (40) having 
an inlet (42) and an outlet (44) for a working fluid, 

the compressor means outlet (14) being so 
connected to the condenser means inlet (18), and 
the system further comprising means for select- 
ing one of three modes of operation, the modes 
comprising: 

a first mode wherein the condenser 55 
means outlet (30) is connected to the evaporator 
means inlet (84) bypassing the thermal storage 
means (40); 

a second mode wherein the condenser 



means outlet (30) is connected to the thermal 
storage means, the thermal storage means being 
connected to the compressor means inlet (76) by- 
passing the evaporator means (80); 

a third mode wherein the condenser 
means outlet (30) is connected to the thermal 
storage means inlet (42), the thermal storage 
means outlet (44) being connected to the evap- 
orator means inlet (84); 

and characterised in that in the second 
mode, the condenser means outlet (30) is con- 
nected to the thermal storage means outlet (44) 
and the thermal storage means inlet (42) is con- 
nected to the compressor means inlet (76), such 
that in the second mode the direction of flow of 
the working fluid through the thermal storage 
means (40) is opposite to the direction of flow in 
the third mode. 

2. A cooling system as claimed in claim 1, wherein 
the means for selecting comprises valve means 
(34, 54, 64, 70) operable such that in the third 
mode of operation the condenser means (20), 
thermal storage means (40), evaporator means 
(80) and compressor means (12) are connected 
in series or such that in the second mode of op- 
eration the condenser means (20), thermal stor- 
age means (40) and compressor means (12) are 
connected in series or such that in the first mode 
of operation the condenser means (20), evapor- 
ator means (80) and compressor means (12) are 
connected in series, as desired. 

3. A cooling system as claimed in any preceding 
claim wherein the thermal storage means (40) 
comprises tubing (46) within a tank (52) contain- 
ing a liquid (50), with the tubing routed through 
the tank such that a substantial portion of its 
length is under the liquid. 

4. A cooling system as claimed in claim 3 wherein 
the tubing (46) is routed through the tank (52) 
such that a majority of the liquid (50) can be froz- 
en around the tubing. 

5. A cool ing system as claimed in claim 3 or 4 where- 
in the storage means tubing (46) is a coil forming 
a serpentine path within said tank (52). 

6. A cooling system as claimed in any one of claims 
1 to 5 wherein the working fluid is a liquid refrig- 
erant. 

7. A cooling system as claimed in any of claims 1 to 
6 wherein the liquid in the thermal storage means 
tank (52) is water. 

8. The cooling system as claimed in any preceding 
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claim further comprising an expansion device 
(66) at the inlet of the evaporator means. 

9. The cooling system as claimed in any preceding 
claim further comprising an expansion device at 
the outlet of the thermal storage means (56). 

10. The cooling system as claimed in any preceding 
claim wherein the condenser means (20) in- 
cludes a condenser coil (22) through which a 
working fluid passes, and the evaporator means 
(80) includes an evaporator coil (86) through 
which the working fluid passes. 

11. The cooling system as claimed in any preceding 
claim further comprising receiver means to en- 
sure that the liquid containing lines are full. 

12. A method for providing supplemental cooling for 
an air conditioning system comprising the steps 
of: 

storing cooling capacity, during periods of 
no cooling demand, by flowing a working fluid 
output from a condenser means (20) through a 
thermal storage means (40) before inputting the 
working fluid to a compressor means (12), by- 
passing an evaporator means (80); and 

further cooling the working fluid, during 
periods of high cooling demand, by flowing the 
working fluid output from the condenser means 
(20) through the thermal storage means (40) to 
sub-cool the working fluid, before inputting the 
working fluid to the compressor means (12) via 
the evaporator means (80); and characterised in 
that: 

in the step of further cooling the working 
fluid, the working fluid flows through the thermal 
storage means in a direction opposite to the di- 
rection of flow through the thermal storage 
means during the step of storing cooling capaci- 
ty. 

13. A method of cooling air as claimed in claim 12 
wherein during the step of storing cooling capaci- 
ty, when the working fluid is flowing through the 
thermal storage means (40) bypassing the evap- 
orator means, liquid (50) in the thermal storage 
means is frozen around the outside of tubing (46) 
through which the working fluid is flowing. 

14. A method of cooling air as claimed in any of 
claims 1 2 to 1 3 wherein during the step of further 
cooling the working fluid, when the working fluid 
is passing through the thermal storage means 
(40) and the evaporator means (80), air passed 
across the evaporator means is subjected to a 
greater degree of cooling as the working fluid 
passing through the thermal storage means (40) 



is chilled as it passes through tubing (46) on the 
outside of which frozen liquid has been formed. 

5 15. A method of cooling air as claimed in any of 
claims 12 to 14 wherein the thermal storage 
means (40) comprises a tank (52) containing a liq- 
uid (50) and the liquid comprises water. 

10 16. A method of cooling air as claimed in any of 
claims 12 to 14 wherein the thermal storage 
means (40) comprises a tank (52) containing liq- 
uid (50) and the liquid comprises a phase change 
material such as an eutectic salt. 

15 

17. A method of cooling air as claimed in any of 
claims 12 to 16 further comprising the step of 
passing the working fluid through receiver 
means to ensure that the liquid containing lines 
20 are full. 



Patantanspr uche 

25 1. Kuhlanlage mit 

einer Kompressoranordnung (12), die einen Ein- 
laB (76) und einen AuslaB (14) fur ein Arbeitsf luid 
aufweist, 

einer Kondensatoranordnung (20), die einen Ein- 
30 lad (18) und einen AuslaB (30) fur ein Arbeitsf luid 

aufweist, 

einer Verdampferanordnung (80), die einen Ein- 
laB (84) und einen AuslaB (82) fur ein Arbeitsf luid 
aufweist, 

35 und einer Warmespeicheranordnung (40), die ei- 

nen EinlaB (42) und einen AuslaB (44) fur ein Ar- 
beitsfluid aufweist, 

wobei der AuslaB (14) der Kompressoranordnung 
mit dem EinlaB (18) der Kondensatoranordnung 

40 verbunden ist und die Anlage ferner mit einer An- 

ordnung zur Auswahl einer von drei Betriebsarten 
versehen ist, die umfassen: 
eine erste Betriebsart, in welcher der AuslaB (30) 
der Kondensatoranordnung unter Umgehung der 

45 Warmespeicheranordnung (40) mit dem EinlaB 

(84) der Verdampferanordnung verbunden ist; 
eine zweite Betriebsart, in welcher der AuslaB 
(30) der Kondensatoranordnung mit der Warme- 
speicheranordnung verbunden ist und die War- 

50 mespeicheranordnung unter Umgehung der Ver- 

dampferanordnung (80) mit dem EinlaB (76) der 
Kompressoranordnung verbunden ist; 
eine dritte Betriebsart, in welcher der AuslaB (30) 
der Kondensatoranordnung mit dem EinlaB (42) 

55 der Warmespeicheranordnung verbunden ist und 

der AuslaB (44) der Warmespeicheranordnung 
mit dem EinlaB (84) der Verdampferanordnung 
verbunden ist; 

dadurch gekennzeichnet, daB in der zweiten Be- 
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triebsart der AuslaB (30) der Kondensatoranord- 
nung mit dem AuslaB (44) der WaYmespeicheran- 
ordnung verbunden ist und der EinlaB (42) der 
Warmespeicheranordnung mit dem EinlaB (76) 
der Kompressoranordnung verbunden ist, so daft 
in der zweiten Betriebsart die StrSmungsrichtung 
des Arbeitsfluids durch die Warmespeicheran- 
ordnung (40) entgegengesetzt der Stromungs- 
richtung in der dritten Betriebsart ist. 

2. KOhlanlage nach Anspruch 1 f wobei die Anord- 
nung zur Auswahl eine Ventilanordnung (34, 54, 
64, 70) aufweist, die derart betdtigbar ist, daB 
nach Wunsch in der dritten Betriebsart die Kon- 
densatoranordnung (20), die Warmespeicheran- 
ordnung (40), die Verdampferanordnung (80) und 
die Kompressoranordnung (12) in Reihe geschal- 
tet sind, Oder daB in der zweiten Betriebsart die 
Kondensatoranordnung (20), die Warmespei- 
cheranordung (40) und die Kompressoranord- 
nung (12) in Reihe geschaltet sind, Oder daft in 
der ersten Betriebsart die Kondensatoranord- 
nung (20), die Verdampferanordnung (80) und die 
Kompressoranordnung (12) in Reihe geschaltet 
sind. 

3. KOhlanlage nach einem der vorhergehenden An- 
spruche, wobei die Warmespeicheranordnung 
(40) eine Rohrleitung (46) innerhalb eines eine 
Flussigkeit (50) enthaltenden Tanks (52) auf- 
weist, wobei die Rohrleitung derart durch den 
Tank hindurchgefuhrt ist, daB ein wesentlicher 
Teil der Langsabmessung der Rohrleitung in die 
Flussigkeit eintaucht 

4. KOhlanlage nach Anspruch 3, wobei die Rohrlei- 
tung (46) derart durch den Tank (52) hindurchge- 
fuhrt ist, daB ein groBererTeil der Flussigkeit (50) 
urn die Rohrleitung herum zum Gefrieren ge- 
bracht werden kann. 

5. KOhlanlage nach Anspruch 3 Oder 4, wobei die 
Rohrleitung (46) der Speicheranordnung eine 
Schlange ist, die innerhalb des Tanks (52) einen 
serpentinenfdrmigen Weg bitdet. 

6. KOhlanlage nach einem der Anspruche 1 bis 5, 
wobei das Arbeitsfluid ein flussiges Kaltemittel 
ist. 

7. KOhlanlage nach einem der Anspruche 1 bis 6, 
wobei die Flussigkeit in dem Tank (52) der War- 
mespeicheranordnung Wasser ist. 

8. KOhlanlage nach einem der vorhergehenden An- 
spruche, ferner versehen mit einer Expansions- 
vorrichtung (66) am EinlaB der Verdampferanord- 
nung. 



9. KOhlanlage nach einem der vorhergehenden An- 
spruche, ferner versehen mit einer Expansions- 
vorrichtung (56) am AuslaB der Warmespeicher- 

5 anordnung. 

10. KOhlanlage nach einem der vorhergehenden An- 
spruche, wobei die Kondensatoranordnung (20) 
eine Kondensatorschlange (22) aufweist, durch 

10 die ein Arbeitsfluid hindurchtritt, und die Ver- 

dampferanordnung (80) eine Verdampferschlan- 
ge (86) aufweist, durch die das Arbeitsfluid hin- 
durchtritt. 

is 11. KOhlanlage nach einem der vorhergehenden An- 
spruche, ferner versehen mit einer Sammelan- 
ordnung, die sicherstellt, daB die Flussigkeit ent- 
haltenden Leitungen voll sind. 

20 12. Verfahren zum Bereitstellen von zusatzlicher 
KOhlung fur eine Klimaanlage, bei dem: 
wahrend Perioden ohne Kuhlbedarf Kuhlkapazi- 
tat gespeichert wird, indem ein von einer Konden- 
satoranordnung (20) abstromendes Arbeitsfluid 

25 unter Umgehung einer Verdampferanordnung 

(80) durch eine Warmespeicheranordnung (40) 
hindurchgeleitet wird, bevor das Arbeitsfluid in ei- 
ne Kompressoranordnung (12) eingeleitet wird; 
und 

30 wahrend Perioden hohen Kuhlbedarfs das Ar- 

beitsfluid weiter gekuhlt wird, indem das von der 
Kondensatoranordnung (20) abstromende Ar- 
beitsfluid zwecks Unterkuhlung des Arbeitsfluids 
durch die Warmespeicheranordnung (40) hin- 

36 durchgeleitet wird, bevordas Arbeitsfluid uberdie 

Verdampferanordnung (80) in die Kompressoran- 
ordnung (12) eingeleitet wird; dadurch gekenn- 
zeichnet, daB: 

in dem Verfahrensschritt der weiteren KOhlung 
40 des Arbeitsfluids das Arbeitsfluid durch die War- 

mespeicheranordnung in einer Richtung hin- 
durchstromt, die der Richtung der Stromung 
durch die Warmespeicheranordnung wahrend 
des Verfahrensschrittes der Speicherung von 
45 Kuhlkapazitat entgegengesetzt ist. 

13. Verfahren zum Kuhlen von Luft nach Anspruch 
12, wobei wShrend des Verfahrensschrittes der 
Speicherung von Kuhlkapazitat beim Hindurch- 

so strdmen von Arbeitsfluid durch die Warmespei- 

cheranordnung (40) unter Umgehung der Ver- 
dampferanordnung Flussigkeit (50) in der War- 
mespeicheranordnung urn die AuBenseite einer 
Rohrleitung (46) herum zum Gefrieren gebracht 

55 wird, durch welche das Arbeitsfluid strdmt. 

14. Verfahren zum Kuhlen von Luft nach Anspruch 
1 2 Oder 1 3, wobei wahrend des Verfahrensschrit- 
tes der weiteren KOhlung des Arbeitsfluids beim 
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Hindurchstromen des Arbeitsfluids durch die 
WSrmespeicheranordnung (40) und die Ver- 
dampferanordnung (80) uber die Verdampferan- 
ordnung geleitete Luf t einer starkeren Abkuhlung 5 
ausgesetzt wird, wahrend das durch die Warme- 
speicheranordnung (40) hindurchtretende Ar- 
beitsfluid beim Durchtaufen von Rohrleitung (46) 
stark abgekuhlt wird, auf deren Aufcenseite gefro- 
rene Flussigkeit ausgebildet wurde. 10 

15. Verfahren zum KG hi en von Luft nach einem der 
Anspruche 12 bis 14, wobei die Warmespeicher- 
anordnung (40) einen Tank (52) aufweist, der ei- 

ne Flussigkeit (50) enthalt, und die Flussigkeit 15 
Wasser aufweist. 

16. Verfahren zum Kuhlen von Luft nach einem der 
Anspruche 12 bis 14, wobei die Warmespeicher- 
anordnung (40) einen Tank (52) aufweist, der 20 
Flussigkeit (50) enthalt, und die Flussigkeit ein 
Phasenumwandlungsmaterial, beispielsweise 2. 
ein eutektisches Salz, aufweist. 

17. Verfahren zum Kuhlen von Luft nach einem der 25 
Anspruche 12 bis 16, bei dem imZuge eines wei- 
teren Verfahrensschrittes das Arbeitsfluid durch 

eine Sammelanordnung hindurchgeleitet wird, 
urn zu gewdhrleisten, daft die Flussigkeit enthal- 
tenden Leitungen voll sind. 30 



Revendicatlons 

1. Systeme de refroidissement comprenant 35 

un moyen de compresseur (12) ayant une 
admission (76) et une sortie (1 4) pour un f luide de 
fonctionnement, 

un moyen de condenseur (20) ayant une 
admission (1 8) et une sortie (30) pour unf luide de 40 3. 
fonctionnement, 

un moyen d'evaporateur (80) ayant une 
admission (84) et une sortie (82) pour un f luide de 
fonctionnement, 

et un moyen d'accumulation thermique 45 
(40) ayant une admission (42) et une sortie (44) 
pour un f luide de fonctionnement, 

la sortie (14) du moyen de compresseur 
etant branchee a I'admission (18) du moyen de 4. 
condenseur et le systeme comprenant en outre 50 
des moyens pour selectionner un de trois modes 
de fonctionnement, les modes comprenant: 

un premier mode dans lequel la sortie (30) 
des moyens de condenseur est branchee a I'ad- 
mission (84) des moyens d'evaporateur evitant 55 5. 
les moyens d'accumulation thermique (40); 

un deuxieme mode dans lequel la sortie 
(30) du moyen de condenseur est branchee au 
moyen d'accumulation thermique, le moyen d'ac- 



cumulation thermique etant branche a I'admis- 
sion (76) du moyen de compresseur evitant le 
moyen d'evaporateur (80); 

un troisieme mode dans lequel la sortie 
(30) du moyen de condenseur est branchee a 
{'admission (42) du moyen d'accumulation ther- 
mique, la sortie (44) du moyen d'accumulation 
thermique etant branchee a I'admission (84) du 
moyen d'evaporateur; 

et caracterise en ce que dans le deuxieme 
mode, la sortie (30) du moyen de condenseur est 
branchee a la sortie (44) du moyen d'accumula- 
tion thermique et I'admission (42) du moyen d'ac- 
cumulation thermique est branchee a I'admission 
(76) du moyen de compresseur, de sorte que 
dans le deuxieme mode le sens de circulation du 
f luide de fonctionnement a travers le moyen d'ac- 
cumulation thermique (40) est oppose au sens de 
circulation dans le troisieme mode. 

Systeme de refroidissement suivant la revendica- 
tion 1, dans lequel les moyens de selection 
comprend des moyens de vanne (34, 54, 64, 70) 
qui peuvent fonctionner de telle sorte que dans le 
troisieme mode de fonctionnement le moyen de 
condenseur (20), le moyen d'accumulation ther- 
mique (40), le moyen d'evaporateur (80) et le 
moyen de compresseur (1 2) sont branches en se- 
rie ou de telle sorte que dans le deuxieme mode 
de fonctionnement le moyen de condenseur (20), 
le moyen d'accumulation thermique (40) et le 
moyen de compresseur (12) sont branches en se- 
rie ou de telle sorte que dans le premier mode de 
fonctionnement le moyen de condenseur (20), le 
moyen d'evaporateur (80) et le moyen de 
compresseur (12) sont branches en serie, 
comme on le desire. 

Systeme de refroidissement suivant I'une quel- 
conque des revendications precedentes, dans le- 
quel le moyen d'accumulation thermique (40) 
comprend une tuyauterie (46) a I'interieurd'un re- 
servoir (52) contenant un liquide (50), la tuyaute- 
rie suivant un chemin tel a travers le reservoir 
qu'une partie importante de sa longueur se trou- 
ve sous le liquide. 

Systeme de refroidissement suivant la revendica- 
tion 3, dans lequel la tuyauterie (46) suit un che- 
min tel a travers le reservoir (52) que la plus gran- 
de partie du liquide (50) peut etre gelee autour de 
la tuyauterie. 

Systeme de refroidissement suivant la revendica- 
tion 3 ou 4, dans lequel la tuyauterie du moyen 
d'accumulation (46) est une bobine formant un 
chemin en serpentin a I'interieur dudit reservoir 
(52). 
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6. Systeme de refroidissement suivant Tune quel- 
conque des revendications 1 a 5, dans lequel le 
fluids de fonctionnement est un liquids refrige- 
rant. 5 

7. Systems de refroidissement suivant Tune quel- 
conque des revendications 1 a 6, dans lequel le 
liquide dans le reservoir du moyen d'accumula- 

tion thermique (52) est de I'eau. 10 

8. Systems de refroidissement suivant Tune quel- 
conquo dss revendications precedentes, 
com pre n ant en outre un dispositif d'expansion 

(66) a I'admission du moyen d'evaporateur. is 

9. Systems de refroidissement suivant I'une quel- 
conque des revendications precedentss, 
comprsnant un dispositif d'expansion a la sortie 

du moyen d'accumulation thermique (56). 20 

10. Systeme de refroidissement suivant Tune quel- 
conque des revendications precedentss dans le- 
quel le moyen de condenseur (20) comprend une 
bobine de condenseur (22) a travers laquelle pas- 25 
se un f luide de fonctionnement et le moyen d'eva- 
porateur (80) comprend une bobine d'evapora- 
teur (86) a travers laquelle passe le fluide de 
fonctionnement. 

30 

11. Systeme de refroidissement suivant I'une quel- 
conque des revendications precedentes, 
comprenant un moyen de recepteur pour garantir 
que les conduites contenant le liquide sont rem- 
plies. 35 

12. Procede pour fournir un refroidissement supple- 
mental pour un systeme de conditionnement 
d'air comprenant les eta pes: 

d'accumulation d'une capacite thermique, 40 
pendant les periodes sans demande de refroidis- 
sement, en faisant circuler un fluide de fonction- 
nement sortant d'un moyen de condenseur (20) 
a travers un moyen d'accumulation thermique 
(40) avant de faire entrer le fluide de fonctionne- 45 
mentdans un moyen de com press eur (12) en evi- 
tant un moyen d 'evaporate ur(80); et 

de refroidissement supplemental du flui- 
de de fonctionnement, pendant les periodes de 
forte demande de refroidissement, en faisant cir- 50 
culer le fluide de fonctionnement sortant du 
moyen de condenseur (20) a travers le moyen 
d'accumulation thermique (40) pour refroidir de 
maniere supplementaire le fluide de fonctionne- 
ment, avant de faire entrer le fluide de fonction- 55 
nement dans le moyen de compresseur (12) via 
le moyen d'evaporateur (80); et caracterise en ce 
que: 

dans I'etape de refroidissement supple- 



mentaire du fluide de fonctionnement, le fluide de 
fonctionnement circule a travers le moyen d'accu- 
mulation thermique dans une direction opposes 
a la direction de circulation a travers le moyen 
d'accumulation thermique pendant I'etape d'ac- 
cumulation de capacite de refroidissement 

1 3. Procede de refroidissement d'air suivant la reven- 
dication 12 dans lequel pendant I'etape d'accu- 
mulation de la capacite thermique, lorsque le flui- 
de de fonctionnement circule a travers le moyen 
d'accumulation thermique (40) en evitant le 
moyen d'evaporateur, le liquide (50) dans le 
moyen d'accumulation thermique est gele autour 
de I'exterieur d'une tuyauterie (46) a travers la- 
quelle le fluide de fonctionnement circule. 

14. Procede de refroidissement d'air suivant I'une 
quelconque des revendications 1 2 ou 1 3, dans le- 
quel pendant I'etape de refroidissement supple- 
mentaire du fluide de fonctionnement, lorsque le 
fluide de fonctionnement traverse le moyen d'ac- 
cumulation thermique (40) et le moyen d'evapo- 
rateur (80), I'air passant a travers le moyen d'eva- 
porateur est sou mis a un niveau de refroidisse- 
ment plus eleve que le fluide de fonctionnement 
passant a travers le moyen d'accumulation ther- 
mique (40) est refrigere lorsqu'il traverse la tuyau- 
terie (46) sur I'exterieur de laquelle du liquide gele 
s'est forme. 

15. Procede de refroidissement d'air suivant I'une 
quelconque des revendications 12 ou 14, dans le- 
quel le moyen d'accumulation thermique (40) 
comprend un reservoir (52) contenant un liquide 
(50) et le liquide comprend de I'eau. 

16. Procede de refroidissement d'air suivant I'une 
quelconque des revendications 1 2 ou 1 4, dans le- 
quel le moyen d'accumulation thermique (40) 
comprend un reservoir (52) contenant un liquide 
(50) et le liquide comprend un materiau a chan- 
gement de phase tel qu'un sel eutectique. 

17. Procede de refroidissement d'air suivant I'une 
quelconque des revendications 12 ou 16, 
comprenant en outre I'etape de passage du fluide 
de fonctionnement a travers le moyen de recep- 
teur pour garantir que les conduites contenant le 
liquide sont remplies. 
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